Amethocaine 1% solution was mixed with equal volume* of water, 0.9% saline or 10% dextrose to prepare respectively, hypobaric, isobaric and hypcrbaric solutions which were compared for intradural spinal anaesthesia in 60 patients. Thirty patients received 10 mg and 30 patients received 15 mg of amethocaine. Injections were made with the patients in the lateral recumbent position and the operating table was horizontal during and after injection. Equal numbers of patients and equal numbers of males and females received hypobaric, isobaric and hyperbaric solutions. The mean spread of analgesia after the hyperbaric solution was five dermatomes greater than after the other two solutions, but the extent of analgesia was not significantly different whether amethocaine 10 mg or 15 mg was injected. The mean duration of analgesia after the hyperbaric solution was 285 min compared with 332 min and 360 min after the isobaric and hypobaric solutions respectively. The mean duration of analgesia after amethocaine 15 mg was significantly greater than after 10 mg.
Factors which are believed to influence the extent and duration of intradural spinal anaesthesia include gravity and the baricity, volume and concentration of the injected local anaesthetic solution (Greene, 1969; Lee and Atkinson, 1978) .
Solutions for spinal anaesthesia may be classified as hyperbaric, isobaric or hypobaric depending on whether they are heavier than, of equal weight to, or lighter than cerebrospinal fluid. Barker (1907) used glass tubes shaped to reproduce the curvature of the vertebral column to demonstrate that hyperbaric anaesthetic solutions spread rapidly under the influence of gravity and collected in the lowest part of the glass tube while isobaric solutions remained localized at the site of injection. However, the spinal anaesthetic blocks produced in patients by solutions of different specific gravity have never been compared in a controlled trial. This investigation was designed to compare the clinical effects of spinal anaesthesia with hyperbaric, isobaric and hypobaric amethocaine at doses of 10 mg and 15 mg.
PATIENTS AND METHODS

Patients
Patients who were to have spinal anaesthesia for elective gynaecological or general surgery to the lower trunk or legs were investigated. They were accepted for study if they consented to have the anaesthetic blockade assessed and if there was no evidence of hypovolaemia, intra-abdominal distension or infection of the lumbar area. Thirty adult men and 30 adult women were studied. The male patients were older, taller and heavier than the female patients, but there were no other statistically significant differences between the groups (table I).
Preparation of amethocaine solutions
A 1% solution of amethocaine (Pontocaine, Winthrop Laboratories) has a specific gravity (sp. gr.) between 1.0060 and 1.0074 and is isobaric compared with cerebrospinal fluid (sp. gr. 1.0063-1.0075). This solution was mixed with an equal volume of water, 0.9% sodium chloride solution or 10% dextrose solution to produce 0.5% solutions of amethocaine that were hypobaric (sp. gr. 1.0037), isobaric (sp. gr. 1.0069) or hyperbaric (sp. gr. 1.0215).. The solutions were drawn from autoclaved ampoules and mixed in a syringe immediately before injection.
Experimented design
Fifteen men and 15 women were each given amethocaine 10 mg (2 ml) and 15 men and 15 women were each given 15 mg (3 ml). Within each group of 15 patients, five received hypobaric solution, five received isobaric solution and five received hyperbaric solution. The specific gravity of the solution to be used was obtained from a predetermined randomized code known only to the anaesthetist making the injection. Neither the patient nor the investigator who assessed the clinical effects of the blocks knew the specific gravity of the solutions being used.
Anaesthetic procedure
After premedication, a lumbar puncture was made with either a 22-or a 25-gauge needle using a standard midline approach with the patient in the lateral recumbent position on a horizontal operating table. The interspace between the 3rd and 4th lumbar spines was used unless difficulty was encountered, when the 2nd or 4th interspace was used. Once a free flow of cerebrospinal fluid was obtained, amethocaine solution either 10 mg or 15 mg was injected over 15 s without barbotage. Immediately after the injection the patients were turned to lie supine with the legs extended, the operating table being kept horizontal. Assessments of the spinal block were made during the first 20min after injection and the patients were then given thiopentone i.v. To ensure rapid recovery after operation general anaesthesia was maintained at a light level either with increments of thiopentone or with nitrous oxide supplemented occasionally by halothane.
Measurements
Arterial pressure and heart rate were recorded before the patient was positioned for lumbar puncture and at 5-min intervals after injection of the anaesthetic (table II) . At 5-min intervals after injection, but before the start of the operation, measurements were made of the cephalad extent of analgesia and anaesthesia and motor weakness in the legs were assessed. Analgesia was denned as the inability to appreciate pinprick, anaesthesia as inability to appreciate touch. After the spread of anaesthesia was complete the patient underwent surgery. Similar measurements were made after operation at 1-h intervals until the effects of the anaesthetic had worn off completely and the patients felt that their legs had returned to normal. From these measurements data on the onset, spread and duration of anaesthesia were obtained (tables III, IV). The mean values of the data from the different groups were calculated. The significance of the difference was determined using a Student's t test.
RESULTS
Onset
The mean interval until analgesia was detectable in the thoracic dermatomes was 5.8 ± 0.6 min after hyperbaric, 8.5 ±1.4 min after isobaric and 10.3 ± 1.6 min after hypobaric amethocaine, the last being significantly longer than after hyperbaric amethocaine. The mean interval until the spread of analgesia was maximal was 12.0 ±0.8 min after hyperbaric, 13.5 ±1.0 min after isobaric and 14 ±1.2 min after hypobaric solution, but these times did not differ significantly. The onset time and the mean time taken to achieve the maximum extent of analgesia showed no significant difference between males and females. After amethocaine 10 mg the mean time to maximum spread of analgesia was 3 min less than after amethocaine 15 mg.
Spread
The maximum height of analgesia produced by each injection is shown in figure 1 and the mean maximum height of analgesia produced by each specific gravity of amethocaine is shown in figure 2 . The mean mavirrmm spread of analgesia (loss of sensation to pinprick) after hyperbaric amethocaine (17.5 dermatomes) was significantly greater than that after isobaric amethocaine (13.5) and after hypobaric amethocaine (12.2). The spread of analgesia after amethocaine 15 mg, however, was not significantly different from that after 10 mg and in male patients it was not significantly different from the spread in females, despite their differences in height and weight The spread of anaesthesia floss of sensation to touch) after hyperbaric amethocaine was 16.5 dermatomes, after isobaric amethocaine 12.2 and after hypobaric amethocaine 10.6 dermatomes.
Motor
Nineteen of the 20 patients who received heavy solutions had complete motor blockade of the lower limbs. Only one patient who received a heavy solution had poor motor blockade with analgesia that did not spread above the level of the knees. The isobaric solutions produced complete motor blockade in 16 of 20 patients including one who had analgesia to T12 but was still able to elevate his heels from the bed and bend his knees. Hypobaric solutions produced the least motor blockade, only 11 of 20 patients being completely unable to move the legs. Two patients who were still able to move the legs had analgesia extending to the thoracic dermatomes. The frequency of motor block after hypobaric solutions was significantly less than after hyperbaric solutions.
Regression and duration
The mean time until regression of analgesia was detected was 153.0 ± 9.9 min after hyperbaric solutions, 162.5+10.3 min after isobaric solutions, but was 199.1 ± 15.9 min after hypobaric solutions. The mean interval until no further analgesia was detectable was 285.4+13.2 min after heavy solutionssignificantly shorter than 332.0 ± 15.7 rnip after isobaric solutions and 360.2+ 12.3 min after hypobaric solutions. Similarly, the mean duration of the motor blocks was 239.5 ± 13.1 min for hyperbaric solutions-significantly shorter than 308.7 ± 19.1 min with isobaric and 290.6±183min with hypobaric Onset is the interval until analgesia was'first detected above either inguinal ligament. This level of analgesia was not reached in all patients. \The number who were analgesic is shown in parentheses in the first column. Time to maximum is the interval until no further cephalad spread of analgesia was detected. The first section compares the differences between groups of different specific gravity, the second compares the differences between thelO-mg and the 15-mg groups and the third section compares the differences between males and females, n.s. = not significant (P>0.05) solutions. Amethocaine 10 mg also had a significantly shorter duration of action, providing detectable analgesia for only 306.4 ± 11.9 min compared with 345.3 ± 12.2 min after 15 mg. The duration of action did not differ significantly between males and females.
Arterial pressures and heart rates
Although the prc-anaesthetic arterial pressures of the groups had not differed significantly, the average arterial pressure of the patients 10 min after hyperbaric amethocaine (97/56 mm Hg) was significantly less than after both isobaric amethocaine (116/70 mm Hg) and hypobaric amethocaine (125/74 mm Hg). There was, however, no significant difference between the heart rates of the groups. There was no significant difference in arterial pressures and heart rates of the group receiving 10 mg compared with those receiving 15 mg. The differences in arterial pressure and heart rate between males and females reflected those differences existing before anaesthesia.
DISCUSSION
The object of the investigation was to determine the manner in which the specific gravity of an intradural spinal anaesthetic solution influenced the anaesthesia it produced. The anaesthesia following amethocaine 10 mg and 15 mg and the anaesthesia in males and females were compared also.
The spread of analgesia after hyperbaric solutions of amethocaine was five dermatomes higher than after isobaric and hypobaric solutions and, consequently, the decreases in arterial pressure of the group receiving hyperbaric solution were significantly greater than those in the groups receiving either of TABLE IV. Motor block, regression and duration of effect after intradural spinal anaesthesia with amethocaine (mean ± SEAT). Motor block shows the proportion of patients whose legs became completely paralysed. The start of regression is the mean interval until analgesia was first detected as less than maximum and thoracic regression is the interval until no analgesia was detectable above either inguinal ligament. Duration of analgesia is the mean interval until no analgesia was detectable on the legs, motor duration was the mean interval until the patients could raise their legs from the bed and subjective duration was the mean interval until the patients thought that the anaesthetic had completely worn off and the legs felt completely normal again. The first section compares the differences between groups of different specific gravity, the second section compares the differences between the \O-mg and the 15-mg groups and the third section compares the differences between males and females, n.s. = not significant the other solutions. The duration of action of the hyperbaric solutions was about 1 h shorter than the duration of the other two solutions. When a patient lies horizontally with extended legs, the highest part of the spinal column is the third lumbar vertebra at the apex of the lumbar curvature and the lowest part is between the 5th and 6th thoracic vertebrae in the hollow of the thoracic curvature. The anaesthetic solutions were injected in the lumbar region at the highest point of the spinal column. The mean height of analgesia was the 5th thoracic dermatome after hyperbaric solutions, the 10th thoracic dermatome after isobaric solutions and the 11th thoracic dermatome after hypobaric solutions. Therefore, the hyperbaric solutions could spread under the influence of gravity into the hollow of the thoracic curve while isobaric and hypobaric solutions remained nearer to the site of injection. This confirms that the spread of spinal anaesthetic solutions in cerebrospinal fluid within the spinal column is similar to the spread within the "glass spines" (Barker, 1907) . In one patient injection of heavy amethocaine produced analgesia restricted to the lower lumbar and sacral segments. The solution was injected between the 4th and 5th lumbar vertebrae and was probably deposited on the sacral side of the lumbar curvature rather than at the apex and so was unable to run into the thoracic hollow.
The hypobaric and isobaric solutions produced less complete motor blocks than did hyperbaric solutions. After hyperbaric solutions 19 of 20 patients were completely unable to move the legs, the exception being the patient in whom amethocaine spread only into the spinal curve. After isobaric solutions, however, only 16 of 20 patients were completely unable to move the legs and after hypobaric solutions only 11 of 20 patients. Therefore the hyperbaric amethocaine solutions spread further than the other two solutions and did so in sufficient concentration to produce complete sensory and motor block.
The duration of action of the amethocaine was affected by the vehicle in which it was injected. It is of interest that, while the hyperbaric solutions produced more widespread blockade, their mean duration was shorter than with the other two solutions. This could be a result of the greater spread of the solutions allowing more rapid uptake into the blood from the anaesthetized nervous tissue (Greene, 1969) . The isobaric solutions spread much less extensively and greater concentrations of amethocaine may have been present at the site of injection thus increasing the mean duration of action. However, against this the quality of block as judged by motor paralysis was more profound with the hyperbaric solution. Nevertheless, the hypobaric solutions, which blocked the fewest dermatomes, took 45 min longer to start to regress than the hyperbaric solutions. The mean duration of analgesia after amethocaine 15 mg was 45 min longer than after amethocaine 10 mg because, as the spread of the solution was similar in extent, 15 mg presumably caused a greater concentration in the nerves and spinal cord than 10 mg. Although the method of determining duration (hourly examinations after operation) lacks precision, the data on duration of analgesia, duration of motor block and the patient's opinion on duration of action were consistent.
The finding that there was no difference between the mean height of analgesia after amethocaine 10 mg (2 ml) and the mean height after 15 mg (3 ml) was surprising. Most anaesthetists believe that increasing the dose or volume of an intradural spinal anaesthetic solution increases the extent of the blockade. However, there was no evidence from this study that the height of analgesia was dose-related. A similar result was found during a comparison of amethocaine with bupivacaine for spinal anaesthesia (Pflug, Aasheim and Beck, 1976) , the dose of hyperbaric amethocaine having only a small effect on the spread of anaesthesia. Nolte and Stark (1976) , using isobaric bupivacaine for spinal anaesthesia, found that an increase in dose was not followed by a larger segmental spread of analgesia, although the duration of analgesia was prolonged significantly.
The spread of analgesia produced by the hypobaric solutions used in the present study was similar to the spread produced by the isobaric solutions, but their clinical usefulness was more limited because only 11 of 20 patients had a successful motor block and adequate anaesthesia. However, the technique we used cannot be compared direcdy with the usual hypobaric technique for spinal anaesthesia (Lund and Rumball, 1947) in which up to 20 ml of 0.1% solution of amethocaine is injected.
Spinal anaesthesia with isobaric anaesthetic solutions is not popular (Lund and Cwik, 1968) . However, this study indicates that they may have desirable clinical features. The mean height of analgesia was the 10th thoracic dermatome, which provides a useful block for operations on the legs, perineum or groin. Furthermore, they reduce the chance of spread to the upper thoracic region and the consequent decrease in arterial pressure that would be undesirable in some patients. The duration of action after isobaric solutions is longer than after hyperbaric solutions. Increasing the duration of anaesthetic action by using larger doses of anaesthetic without the risk of excessively high blockade may be possible, but further work is required to determine the dose range over which this observation is true.
While it seems that the differences between hypobaric, isobaric and hyperbaric solutions are related to their density and the effects of gravity, the contribution of viscosity should not be ignored. Solutions made hyperbaric by the addition of dextrose are considerably more viscous than hypobaric or isobaric solutions which are prepared in water or saline. Thus there may be less tendency for the dnig to diffuse into and become diluted by the cerebrospinal fluid, thus allowing it to spread further in a relatively concentrated state. The difference in the anaesthetic pattern seen with hyperbaric solutions could be related to this. Nolte, H., and Stark, P. (1976 
SUMARIO
Se mezd6 una soluci6n de ametocaina al 1% con iguales voliimenes de agua, de soluci6n salina al 0,9% o de dextrosa al 10% para preparar, respectivamente, soluciones hipobirica, isobarica e hiperbarica que fueron objeto de una comparacidn para anestesia espinal intradural en 60 pacientes. Se administro 10 mg de ametocaina a treinta pacientes y 15 mg a 30 pacientes. Se dieron las inyecciones a loa pacientes en posici6n recostada lateral y la mesa de operaci6n se encontraba horizontal durante y despues de la inyecci6n. Se administraron soluciones hipobaricas, isobaricas e hiperbaricas a un numero igual de pacientes asl como a igual numero de hombres y mujeres. La dispersidn media de la analgesia despues de la solud6n hiperbarica fue cinco dermatomas mayor que con las otras dos soluciones, pero la extensi6n de la analgesia no difiri6 de manera significativa segun se inycct6 10 mg 6 15 mg. La duracidn media de la analgesia despues de la solution hiperbarica fue de 285 min, en comparacion con 332 min y 360 min despues de las soluciones isobarica e hipobarica, respectivamente. La duraci6n media de la analgesia despues de 15 mg de ametocaina fue significativamente mayor que con 10 mg.
